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* STRUT 


Tae basie problen of this particular inves sigretion ims te 
deter ine the stress consantration factors vresant of 2 ahouldor in 


the root section of a model ~renolisr binde nanifectured fron 7651 





 elminm atiop. The rartiawar geomtrie section sonsidere!] is foand 


ba 


in tee Grpo scooslicr blades sudh ac will bo 3notalled soon in the 
Southern Californizs Cooperative Wiml Tunnel, Pasadena, Galifernia, 
Thoso blsdes wore mamufactured fron forgings of 768-7 ty tho Hentiten 
Standard Provolior Division of tho Uni.tod Airerats Coronration, 
Stress consentration factors wore determined far vhs will be aenlicd 
the “critical section" of the blede. This soection is understcod to 
meen the erosa section of ninimm area which is located ltecdiataly 
above tho strosmeraisine Millet at the junction of the bicde ltself 
end tue reot flange. 

A seconéary purpese of the investigation wee to orrvelate these 
data with tuo cther cxrerinente thet had alroady been aarried out for 
thie varticular blade cheoe. Thevo earlier exmerinents determined the 
magnitudes of a rfaes atross900 in the eritienl soetion, one utilising 
@ fuli-sealo, threqe-dimonsional model, and tho other a tug-dimonslonal 
full scale model one-inch thick, Goth of these oxmerinenta utiiiszed 
Btatic tension loads, the loads boing anplicd over tho usper surfaeco 
of tho flanro, emeotiy ao they are agcimed to act whon the blade is 
| rotating in the wind tennol. Alsc, cn attemt wo mado te eauparc & 
| data obtained in this investiention with cthor fctigpuo tosts ef a nerve 


pomeral naturc,. 
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The testa m6 in this wsois investipntion were all of a 
fations netume, in wich one-tenth gealo nodola of tho -ctual biade 
wore woed ao Latipuc spocinens., Two typos of Joeding wore used. The 
first, consisted of a eyelic landing Dotwoan varying wiper tension 
Limits to zero atross, and tho cocord eons zie! of a conatent unper 
tonnion stress Lindt uith vouryving nindreuwnm strosses. 

Teots wore e@ondusted using an uwer toneion nixitnol stress 
Limit of aporoximately 26,000 psi and wore oxtconded to tension 
etresses of lower values which eave a fatigue lite of noro than 25,000,009 
@yeles, Duo to the slow rate cf Joudiry (2,506,000 per doz) in the 
Somitcaeo Iniversal Fetioue Tasting iinebine, the invaatiration wes 
not ecntimed to the generally accented vetnue of 500,000,00 e cies 
whieh narks the woper Gyclis init of fatdruw investigations, 

It was found that strese concentration factero doterninod fran 
this type of fatigue testing eanc surprisingly close to thease dotorzinod 
fron tho fuli-seale, throe-dinemsional, static teste. 

Tz5 selection ef the tyme loadings used tms not ontirely 
erbitraxry. Tho stress cyelo waich veried from sore to a poal: tension 
value and then to zoro again would alosely simulate tho loadings in a 
startestop eyelcs; while the eworsosition of ea eyelic strecs wpon a 
eteaty tension lead would result in approximntoly the typo of leading 
experienced by the blade whon 1% was rotating at a constant ancular 


speed imdor acrocliastic ascial forces, 
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IL, INTRODUCTION 


tne necienien of fatipgue fallure in voriows components of 
machinery bas long been ono of the groct wisclived mysterian of tho 
physical vorid in which we live, Sineo no onelytie solition cxlets, 
the fetiguo life of a partiaiar matoricl hes, at tha proaont tino, %o 
be deterzined omerinontally, Evon oxsorinowticl resvlts, soning fron 
earefully controlled tects, are caaetines nisleading and Incoryrucus 
and, thoreforc, must be earofully analveed boforo being used bn B20 
actual desimm of machinery. Motallurgicei seioneo, sonfronted with 
@eanniis for alloys of increasing tenailo stroncth, hariinesy, ctc., is 
cinilarly challenged with the noseasilty of koeping tho incroane 1) the 
rosiotence to fatigue in nropertion to the Soproveronts in othor 
Characteoristios. It has, thoreforce, been nosessary to conduct sountlose 
Oxporimonts using apecimens of vworving sizes, shapes, and motericl, 
under different eonditiona of leading, in order to commulate a vast 
amount of data, all of wiich someday may lead to a vital ealno te tho 
factors influoneing fatirue properties. It is hopod that this omoerl- 
ment may bo one of the building bloeke whieh ovontually vay pate the 
road ¢o such undorstanding. 

Ths projeet ws conducted by tho author, end Limitonant Jot 
C. Kanc, 5. S. Mavy, a% tho Structures Iaboratory of tho Gugeonhein 
Aoronautienl Laboratory at the California Institute of Technolorz, 
Pasadem Colifornia, undor the guidance of Dr. f, %. Sociior, during 
the poriod fron 15 Hovember 1949 te 2 Mey 1950. 

This osspordnent, althouch of Linited cenercl vaino, had ac ite 
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purjose the investigation of the ®.tirae life, and henso the ctroga 
goneentratio: factors present at a ciouldaer 4n the reot gootion of the 
type propeller blade suck as is to be installed scon in the Soushorn 
Califoraia Cooperative Warsi Tummel. Tho oricinel proveiler biwis 
insteilied in the wind twinal woo wamifactured from 255-T aluninun 
elioy and had as e distinguishing desim foecicro a 3/ifeineh rodéus 
Girmilar fillet at the root flange. After 3000 heurn cf? eporation, one 
of the blades in tho oropoller asseably failed at the root. A picture 
of the railure is show 44 Figure 12. The faihee sonslated of a 
complote fracture at the Millet wie: slosely resembled a troidcal 
Poswigae Gpve Thilureo, serorm desiding om tas devin: of a replacment 
blade, ceverel different shapes wore considered, Static Groeli: onsiounl 
tests wore im on propesed designs, c14 of whieh etteivted to dotormine 
whieh of thoa would minimise tue goncentrated otrosseg ut tho fille? 
and yet mect tho other geometric specifications dictated by tunnc2 
orrangozent. Zhe new designe willised Planres ef varying depths, aw 
fillets of verious cirmular and ellintis ahcpes, The final design 
celected ws ons having a 3)'=4nch deep flange, awl a 6.75-indh e!rewlar 
filiet. It ws determined to conduct the »rosons investigation te 
eorrelate the stross concentration factors ac doteruinod fron statis 
tests wit. thoce determined in an invostisation utilising eyolie, or 
fatigac, loading. 

Beeause of the umeonvonticnual mothod of applying tho ayelic 
loading to the svecimen and beeause of the macy oeremoters influcneing 
the tosts such as specimen fixity in tho notges jic, presenco of 


bending etresses, and clight dinenstonal ineonsistencios aconcg the 





several specimens toste?, °50., tia pemilts ag miblishc] borein ere 
nee neant Tor emet suantitctive ues in tho 4esica of Sts ovopoller 
biedes, mit cro offerel merely as an indication ar to hou Purtlar 
Mepis Doots cof this ~eture nay De contucte’ and in orler te ceive 


ay * 4 “ * nh yy Ls = ae ~-_ Ne ms . :_ - 
tha ionc7T & Penere] cormolet‘tan bobwoer ocicticoliy cid eo mierlly 


deteorcinod shrose sone2rtesation valves, 
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fi, BOUL AW PROCEDURE 





| Baoshoons 


All ef the specinens wood wore nenufactured fron an origin) 
finished 765-<" propellor ferring. The snecinens wore eh fron the 
material taken froz tho widest anf *hiekoss port of the Nlade and 
wore mashined with the axis of symmetry ranning "with the prain', 
1.0., parailei to the isng dimonsicn ef the forcing. 

Sho specinens wore congtridte?] tc one=tonth ceale am) are 
gsnewn in dotail 2m Pacuras 2 ard 3. Tho dimensions vows abtainod 
fron the original ScCalOwT blucprint Mo. SK-1L6000, Chance A. Recause 
the ganli dimensicens involved on the nadol, certain ninor feoturos 
of the original blade could not bo accurately incorporated theroin. 
Trego inoludoe such things as too taper of the eortral hole, wiriouw 
attaching ooumboresirks cal holes, cte, It is folt, howover, tict 
nome of theso features ce aitted in the opovinens had any significant 
effect on their fctirus life, 

The oomtral hole drilled in the specimens vas of constant 
diavwter, This dlenoter wma arrived at by determinins the aise of 
tne hole in the origin binds at ite niniuwm oross scotional area. 

Because of the rroct Inportanee of surface finish in the 
fatipue life of < specimen, (of. Ref. 1), tho surface of all modols 
709 polished to aepproximtely 5 microfinches, Groet care imo oxmrelscd 
dwine the tosts to insure that no tool nara, seratechos, cr our 


surface inmerfectiens wore frrircdueed uhich wisht cause localized 
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eurfues stress soneantrotion i a vosulting prescture fatipuc Cadlure. 
~The centred helo me first dritied with o ctomdrrd drili, ten wos 
hand pelished with levigeted alumina on o aici] ueden dow], “om 
Gnation of P-ilod spoeinens 2 not dodien ay Lfoticac areoks 
erigimmtin, fron imperfeetionc in the owface cf tho ecortrul holes, 
> 
‘Therceforo, 12 is essumed thus the ebove nrocesc wo ontively setige 
factory for the requirements of thin prolost, 

Ag @ chock on the dimensional accuragy of the nacuining 
Operations a specimen waa chogon at randcn and choad in we Jones aryi 


lemson Optical Comparetor. The reuulte of this check wore good, and 


they exc show: in FPapure 4. 





the specimens wore mounted in « holding jig designed by the 
investi.gaters ami constructed in the G.IZTT sachino shep. It is 
Shown in deteil in Pigures 5 and 6 Tho jig approsximted tho fisture 
of the propeller »lades in the wind tunnel exzsept that no provision 
was mado for the ring clamp that holds the biade a fow Inchos abeve 
the firture on tho flenzo. Sines tho oriterion of tlc investigas: 
was for pure a:cial tonsion with the absoneo ef Dending ctresaes, it is 
foit thet tho onission of this clamp wa of no creat Importanec. Tho 
holding jig appliod the lead te the upper curface of the rlange 
emetiy as 14 1c opplicd the rectraining forces on the oporating 
blade. The leaded surface of the modol is an anmiler eroe on top of 


tho flange, tho mean radius of wiiel is C.355 inches with a thieimess 
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COO. dhe So G12 ww7a Unensions invelvol 46 we feels 


oak 2% riehs not ho prietioniie te Lead the coesimen ower cuah 
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sal arene Sou womwlt, ome fest opeedoon hayins a Poot dinsotor of 


3 inehee em) an anlar Losin: urva, tho thienecs of witch ues 


* 
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perccoutely dewubis that af the exert exic madel, wee constr ched 
me tested. Comparing cho “enevarce ool ayooizanse » Pwr failure, of 


pee erlazyod Specimen te tart ef the o=m-ct cacle modol fatloi te 
imaieets thet the omallor comet stale o.woiror wag not otilrelr sctige 
® 
Mery; chorefore, Sho omet onc=teill: coale alels on} yore vc 
CLG. 


al 


erin: tye reminder of tre Invest. 


me A. aw? ? 2 oe €: Fie . Be a 
she coals, ali o? mich wore Gonulie, wore uctunlly fntrodwesd 


izyto the model ty the contact of the eap ring of the holdir-r fic os 


chem in Pigses 5 and 6, Tho first eap rinc ied was monufacturcd 


30,000,009 test eycles, o10 of the os.vin siwostemeplated etool 


id e 
» 


miid steel and was C.250 inches thick. After appromuetely 


) ae 
a < i - vad ies . : oy. 4 = a ie 3 tf 
muehino cerevg used to fasten the wap riurc felled from fotipue. 


~ ~ 


ieresesple osrination of the fructueo chowed o serious ceslusion 


a. “2 


am tho satorial at the pol t of fotos, Aor this -avtivculer sorey 





hal faihed, tho looting oyele cotrtloued co for scconds will tw redune 
Gould 0 stopped, Curing this tine tho leh leade Impesgod cn the 
wweupposted portion of vic cap ring eaused it te warp veliy, mertor it 


unfit for farther uso. In orfor to dnoreage to rigidisy of the crtire 


é 


‘dic a ropiccemeat cap ring ws melo Cron high strength svcol with a 
thicimear inercesed to 0.3750 inches Proa the erisinel 0,250 incnes. 
P20 holdine cepme ucre rowiceod with jeinch Allen bolts. After those 


chan-os wore nade tho tostc proecoded without furthor trowole In she 

















The general setup for tio osperinent is aliom in Figures 7 and 
G6. Tho strain gago wiring is shown in Ficure 10. 

loads introduced during fatigue testing wore neasured by three 
type Apel Galdwin Souti:werk oloctrisal strain forces namted agially on 
the surface of the specimen. The location of the pages is show in 
Figure 2. Tho gaces were mamtod by the following practices: the 
surface imo rouchened with Mo. 00 sandpaper, sleened with solvont and 
then eirmdried, The radial iceation of gare centerlinos vas aseeuretely 
determined by placing the specimens in a Inthe and then ty dividing 
the cliramferoence into 120 degree ares. Garces wore fastened with radios 
gervice coment, then wore wrapped vith several turns of sar vot throad 
to hold then in place during drying. Uniform drying wes accolereatod 
by taking the speeinens for cieht hours wider infraered lamps at a 
mean texperature of 150° F, This process completed the polynorization 
ef the adhesive. fied this not been done, the cement would havo 
remained in on unstable condition for covoral dayn end any readings 
taken during thet time would have boon inaccurate. 

Before commencing the actual fetirue teats, an attannt we 
made to verify the gago factors as published by tho mamfoacturcr., 
Extensive testa on the perfernanee of tho Ae-l type pace wore conducted 
by Cempholl an doseribed in Referenee 2, The reswlts of Canpdell’s 
testa or eight, A~l recess, aolocted from rendon lote, are showm in the 
following table: 








Gage Faate: 
Cage Registanse inex, decr. 
NO. 4n ohne strains strains 
1 120.7 2.028 2.065 
2 1.5 2044, 2 eG60 
2 1. 2 2.056 2e0G4, 
4, 126.5 20d, 20070 
5 422065 2eC37 207d 
6 120.4 e054, 2.060 
? 120.5 2058 22075 
S 170.5 22060 20070 
Moan 220.52 eeUWL 26066 


These toste Glesely corroberate the factor of 2.04 as published 
by Paldw'n Sowthuask for the Jot (Lot. no. "Mi") of otrein gaces used 
in thin oxserinent, Tho fare factera of threo arbitrerlly selected 
hel cages as doternined exsrimontaliy ty the invostirctors on this 
projeot averered 2,063, and wore arrived at ty the following proeodurn: 
An arbitrarily selected seale snecinen we mounted in ite holding jig 
amd loudod in statie tension in a Riehle Deam-balance Testing Mechino, 
Rhe strein cares were wired ep shown 4 Pipure 10, Loade wore applicd 
from sero to 2000 ibs. in inerements of 500 lbe. Gago witerges voro 
ieasured by a Loods ami Northrup Potontionetor. Frior to testing, 
ai clectrical esnnections betuoon the gare wires and the lead wires 
wore @hosgked with a vacws tube olmmoter for shorts and high resistancos. 
All gages exoept one, which was roplecod, wore formyl to be satisfictory 
in thia rospect,. 

Apyrmoxinately ten canplote cycles of lowling were necessary 

| before tho rare roadinre sottied down to wiiform ineromonts as the 
loads were applied and romowod, Duo to the design of the Riabie 


meoino 3% was inpossible to ronove all of the bonding in the specimen 











9 
during these tests, This ws eorrected by ruminc three complete 
tests, Botwoon each run, tho specimen and jirp vere rotated 120° in 
the end clamps of the nachino. Gago volteres indiested that the plane 
of bonding wis constant with rospect to the bese of the meahine. Tho 
effect of this vonding vas coneelied ty taking the evernge of the voltage 
inerementa in the three difforent positions, . 
By using ths Sormalea developed in the Appendix, it was possible 

to calculate the gage factera for these three gagos aa leag as the 
applied stresses, the ;otent’! .cter deflections and the ixtter; 
Voltage vere imow, Results of these testa Andlanted that tho factors 
for the threo sages eclectod were 2.07, 2,07, and 2.05, Caabivin 
those rosulte with these dstemined by Campbell and wlth thoso xibe 
lished by the ~enufacturer, the strain gaoco factor for ail gaces usod 
during the romminder of the investiration wus tclvon as 2.05, 

The power supply for the cloetrie:}] strain ceasurine cirets 
wap a Btanderd throe-coll, 6 volt, wot storage betters. 

stresecs during ovolle lowinces ta tha Taticue tests tw 
measured 2&8 follows: oa testing penol, designed ani built ty ir, 
Marvin Jossev of the Gugreshein Aoronairt’ cal Leboratory, vornitted the 
introduction of a Kei 2 «obrocs trace into a Rolland Recording 
Oseiliocren: waieh pave tho same inviieatiion on the rocording paper as 
@2 apolind end lead of 2000 Ibs, acting on the ecpeeinen vould sive 
through the three strain o.cos. The introduction of this Pietitious, 
or aflibration,trcs was cceomilishes in the foliowing namers By 


diseonnecting the three strain rages Pron the testing panel and 


16 
substituting a precision variable resistances in their plac, it wos 
possible to determine tho resistance which, whon placed in the ciresit 
4nstead of a gare, would cause the semo potenticnoter deflection (in 
miliivoita) as if a 2000 lb. Load wore applied to the specimen. 
Precision wire-womd resinters of the ebovwo veluos wore then wired 
into en arbitrary cirouit of the testing panel. Vher e vushbutten 
oviteh was closed, all ctor elreuits were deénergized exeept tho one 
containing tho fixed resiotors. This ciroult, whon fod directly into 
the Hoiiand, caused the fictitious 2°00 lb. trace on the recordlag 
DAPO2 

An additicnal useful foaturo was built into tho test panel by 
incorporating a variablo rosistance in series with coach activo rere. 
By adjusting each of thc three resistors when the speoinen wes iuioaded, 
the potentionoter dial could be completely zoroed, thereby malcing it 
unnecessary to ovbtract original sore roferenos readings vwhon actual 
ctraing wero measured during the teste, 

Tho fatigue teste wore conducted in a Somtar Universal Patigue 
Testing Machine, Hodel SF-le3, Serial No. 492004. The standard 
multiplying Pisture ws used in woaleh the valucs of dmanic ani 
atatic loats as set on the machine indieatine dials wore miltiplied ly 
5, Cyclic leads wero sot by adjucting the cesentris length of the 
rotating woight, vhereas static proloads wore varied by changing the 
Senoion on tke main support springs. & conplote dsacrintion of those 
adjustments io given in Reference 5. Spring tension wo neacured with 
e builtin micrencter uhieh Indieated spring deflection. Tho spring 
conctant for this vartioular caevine we that .001 inckes reprosented 










rr) 
’ 

(407 lbs. of static pre-load, Accomiirg to the mmehine specifientions, 
ail machine load—ieasirine devicos wore aeerrate to rlnus or mimw 2 
er cent, Subse vent strrin moro achecic vorified this contention, 

Snecinens wore mounted in tho maduine by rezns of the holding 
jig proviously Sesoribed., Aer tho Jic ws sormnted looscly in the 
machine (Mimre 9), all str-in mrws vero seroed, The prip hol ling 
gerous (Picee Ko. 9, of due. Mo. SO4M%7eL of Ncforenec 5} word then 
tightenec, leaving the mer calwm sunt ring 1 %. Deacauce the 
tosts were run 3n tension ally, the schorlenl eomreasion ssate (oteee 
Mo. 5 of the came drawing) wore romoved, The desired proload ws thor 
pat by adfvotire the spring tonsion ant tho eyelic locd set by voring 
the ecesntrioc arm. Atser the machine was run a Low evelos to pernit 
the ball gocts to beeaw free, it wec stonred end soro rosdings vere 
@ieexed agnin, It woe asmmod tnt wmilormm voltere Inersnoents for the 
throe ropes 1 ci 2.6) no bonding, 1% loast when only fio etatie Load 
wag actine, Mejor variations in these chee: rondings wore olininated 
by adjusting the tension on the Guelve crip sercuc. Fanel rao 
uniformity wee achieved ty adjusting the tension en the studs that 
tiphten the upper coluwm dlemp ring. Ocfor tho toste wore actualy 
Atariod, ull three care reedinvs were brourcht within plus om ninun oO 
nierovolts of each cther,. 

Whon all these preliminaries hed beon ex micted, the machine 

veo stertod end the test toren, friemmic ~eacuvarents wore thon tate 
ag follows: The switehes for all three caves on tho tenting panol were 
got to the "Gach" povition. In chic position cnly tho sero ronlinrs 


wore transmitted to the NoiLleml aml therefore only a ctraight, 


12 
umloflected trace appoered on tho nasor,. This trece roprosentud the 
gore loed level. The switehes wore thon sot te "HSILUD" which 
introduced the simisoidol traces rovresonting the ayelic vart of the 
load. These cyclic stresses wore Cipplaced fran the sero lcad level 
by en emount corresponding to the static prelond. After thoso ronde 
ings were made the machine was ainzt off and another "HEILAID" trece 
wisp made, This trace we ancthor straight line, displaced ?ren tho 
sero lond levol ixy an anount corresponding to tho atatie preload. 
Next, the pushbutton scwiteh on tho pancl was devressed. This intro= 
dueed the proviousiy deseribod calibration trace sorrespondine to the 
arbitrary load of 200 lbs. The rmsordine tape Por the rm vas then 
Oonplote, Using thie los’ trase as oa measring dcalc, all ot! or looda 
eppearing on the recom eould be moasured ounntitatively. A tynionl 
Nedland record for one rm is choun in Tirure 13. Simnals of omual 
amplitude frou ci™ cages indented the ontimm condition of no bonding, 
In every test run the amitiudo variation botwoon cares woo jose thon 


3 per cont. 


The expeminent wac divided into four parts. Part I consisted 
of the provaration of ae basie AR, R, MOORE roteting beem 5-H curvo fer 
766-1. Stonderd R. R. MOORB test apocinens wore fabricated caeconting 
to the avocifications in Reforence 4. Fourtoon of theac cvooimons wre 
used, all of vhieh were finished te a bigh polish in the fructmo 
eree. Thoy wore run te failure in four soperato AR. R. MOU Teating 


‘ponines, gorial mmbors 266, 265, 270, and 271, ell of wiich man at a 





: 





~ 
nomninel speed of 10,000 I, The endurenee Limit, a ctress ct wich 
tho epecimons did net foil cer 500,000,000 aecles, was dotemsinod to 


be approximtely 22,000 pei, This ecrroborates the values rivea is 


several othor investigaters. Tho final SN axmve is shown es amv 


No. 2 in Firure 14. 

It is generally acreod that esy fotieve data met bo evtlucted 
with respect to theo typo ef loading applied te the snecimens. The 
actual orepoller modole (4n Part IT) wove Loaded over Sheir entire 
sross=cectionsl area, tut in the %. 72. OME tre cf Inadinc only the 
outermost Pivers fin tho ssetion were Gubfected to the asparent etresses 
imizeated on a Rh. 7. i000 Sali curve. As a result, 1% wos doclided te 
rai & coneurron, crporimoans in which unmnoteid opectmong we fatieuod 
by extlel Leads. A curve showing tac romilts of this tipo of test for 
gncll, policied, unotoehod speciuene of 763-T wes suplicd to the 
investigators by oD. RAR, Lb, Terpiin of the Albriunm Cawcm cf Anortea, 
wut a few vorifing noints for the forping used in the construction of 
the pronellor snecimens were desirod, Throe omeoth, umnotehed spocineng 
wore tested in the Sonmter madiine miler cyclic loadincs which won, 
fron zero to varying unver tone4on limits and then to soro again. The 
Giencter cf these speci ons and thoac used by Alcoa wore all less than 
one-half inch, Theso thee eheel: pointe f° weld within tho eacuaed 
geattor bord of the Aleos curve, (oro io. 1 of Figure 14), This 
enporinent wes eonducted in the same nediine and under ometly tao 
gene @onditions as preveilad wien tho vovelloyr nedele wore toctcd. 

Tho main part of the investijation (Part IIT) involveé the 


-aea 


actual teeting of the nrovoller models. ine scale spoeinong wre 








AFA 
used of which two did not fail, This test utilized a cyclic loading 
of pure tension. The cycle commenced at zero, rose sinusoidally to a 
peak value, and then returned to zero, This loading was introduced 
by setting a static preload equal to one-half the desired peak value, 
and then by superimposing on it a completely reversed cyclic load 
whose half=amplitude was also equal to one-half the desired peak value, 
The resulting loading is similar to that shown in the Heiland record 
of Figure 13. 

In order to determine the upper stress limit for this test, an 
assumed stress concentration factor of 2,0 in the critical section was 
used, Machine settings were adjusted to bring the apparent stress in 
the critical section to approximately 40,000 psi. As the tests 
progressed, the loads were reduced until the stresses were such as to 
give an endurance life of more than 15,000,000 cycles. The final S-N 
curve showing the results of this test is shown as curve No. 3 of 
Figure 14. 

The last part, (Part IV), of the investigation consisted of 
testing four more specimens in a different loading schedule, A 
constant upper nominal stress limit of 28,000 psi in the critical 
section was selected. In the first specimen, the lower limit was 
zero; in the second, 5580 psi; in the third, 11,200 psi, and in the 
fourth, 16,840 psi. The results of this test (cycles to failure) are 


shown in Figure 15. 
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The R. R. MOORE endurance limit of small, polished, wrnotcied 
specinons of 766~T alunimm olloy was verified to be in tho noirhborhood 
of 22,000 pai. 

The teste of three amli, polished, un-notched spcainons of 
768-7 alumimm alloy in on axlaleloading Sonntag Universal Fatirue 
Testing Machine (1900 eveles per mimte) gave data pointe that 
corresponded almost exactly to those determined oy Aleoa in sintlor 
tests of tho sane alloy. 

Tho stress goncentration factors existing in the eritieal 
section of soven modol propeller blades leaded in toncion wre found to 
avorace 1.575, Stress concentration factor eas used in this report is 

defined as follows: 


ge 


ocr 





4 PApparont maximm stress" is defined as tho stress dotermincd from a 
2 #$.8 curve for sinilar wmenoteled syecinons es a fimesion of "eyales to 
A feiluso". "P?/A" 4c defined cs the applied axlal load aivided by the 
cross-sectional croc a% tho ariticeal seotien. Tho loading in those 
teste consisted of a constant ctatie tension load upon whieh wore 
‘ Imposed eyelio londe whose halfsenplitiwdes were equal to the static 
load. 
The cycles to feilure dotermined in the tests of Part IV in 
whieh the uppor tonsion stress Limit was constant at 26,000 pei, and 


the lower tonsion stroos Minit was veried botween sere and 16,500 pei, 
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are plotted in Pigure 15, Boeuwo of the aoall mmbor of svecinens 
tested, no emot conclusicns can bo renchod » but the rosults bear out 
the neturel mimpocition that the wwmhor of cycles to failure desreasos 


es the overall stress rancc inereases, 


Althoug: 1t is impossible to separate and ovaluato thely 
individual effects, uany soursos of orror cre prosent in any fatirue 
test. The sourees of error in this invoestipation whieh may tend te 
invalidate the teat results eons prineipally ao a result ef the 
unique nothed in whieh the actual leads were applied to the Snead mene. 
tho great majority of fatigue investigations that have alreaty been 
condueted Uy the engineerin: profosston have sonsinted cithor of 
Protesting bean teste or straight push-pull tosts in which tho svecinons 
avo boon continuous pieces of netel held betwoon two maehino rpripe 
of ono form or another, 

Two possible soureess of orror dnhorent in all tests aro (1)nonm 
homogeneity of tho matorial, aml (2) anall defects in the surface, I% 
48 gonerally ecespted that fatieue failwos are of e vrorrossive 
nature, boyinning where "the rolatively nichess stresses pe to vorl on 
the rolatively weakest parts". As a result, any leeclised satross 
concentrations such as wowld aomo from nieroseopie tool nerks or 
interior ceslusions vould sauce lovor ondurence Linits than would be 
emuibited by theereticaliy hamegencews, perfectly smooth specimens. 
The offect of any non-homogonoity ja felt to be ontiroly secondary in 


these toots, in that stress coneontration fagtors wore dotermined fran 








ne 
® 

somperisons of tosts of similar wrnotched opyecinons, This is ag 2% 
should be. Mon-homogoncity is not only e vogaible Tactor, but it is 
inovitabio. Small ecclusions and surfaco trromileritios are present 
fn oropellor blades nemifectured under tho nost rigid sposifleations, 
@© es & logical eonclusicn, azy armali sole st:xites nes only chould he, 
bat gyst bo mado of tho sane naterial, 

Anothor fastor thet eannet bo ovaricokod is the cossthility of 
oncil ourfece sarate+os fin tho notrhherhoaod of tho "eritlesl semtion", 
The specinens were made ty amert rmachinista wortring wleor the boat 
sho conditions, int tho aall dimensions in the critical sections 
precluded niereseepic surfasc anvors, It is, thorefore, larcly a 
netter of caniecture as So bey serio any surface irroculerities were. 

Romonboring the nvreviersiy doserlnd orltorion for establishing 
gtreas concentration factora, it 1s easily soon that ascwption of 
uniform anculer stroos distribution over the eritieal section was 
protvehly very optonistie. This distribution would oxict only in the 
absonee of berding and in tho presence of uniform eirewriorential 
Clamping vrossimes, Many invectigaters nave *.0n disturbed by the 
difficulty in loading a fatimus cinen in pure amial tension cr 
compression with the abeencs of boxding, IneLuiing the auther of this 
report. Altheuch the otrein pacog indlented that boraling uaa ro“meed 
te a niniem et the bogirning of tre taste, there in no justification 
for ssaming that oneh loading existed as the individval tosts pro- 
rprossed. Tho jie holding tolts loosened royoatedly during the costs 
and had to bo tightened periodimliy. This oliminated any posuibliity 


of constant flex ;e vrosgures. Also, at the end of the investigation, 
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woar bogen te show cn the clamping ring halves, espoelally on theiy 
ends, This factor alono would causo movon clremferonticl vressuren 
on the flange of the anecimen, Thess faateors, torother wilt the 
inheront orrera in olectrical meag-ring oculmmend e212 must bo con- 
eidered in owlueting the rosuite of those tosts. 

Ali of the forcv~olnge present the unfevorable side of the 
yicture wl tond to indisate that all the dota mact be viowod with 
Suepicion. However, the seettor band obtained, and the conoral 
suscession ef noints pletted in Pimwe 14 indleate thet tho rosults 
are worthy of consideration when decisions concerning the gconetry of 
the oritioal section of a propoller hiede are being nade. 

Beforo the results of thie 2nvestieation oan he aymilted to the 
fail sosle propeller blada, the offeet of relative sises :ust bo 
considered, Mo anelytie relintionsiip botivoen omlurance livos of 
emall end lerco specimens cof airtiar chapes 1s rect imown, although 
many investigators hav show that a noteh, or othor ctresg=-raicar, 
has a nuoh greater effect on tho actuat large rars then is indiented 
by laboratory tects of aanll scale modols, Sachs, in Roferenee 6, 
found thes tho omhuranoe Limit at 10,000,000 ayclios of a 3S~inch 
dienetar magnesium clloy vropoller was 7900 to 10,400 psi, but when 
she diameter was Increased to 4; inckos tho endurance Linit dropped te 
LEO to 7000 poi. 

Tho speed of Lending appears to have little effect on the 
endurance of aluzimm alloys. Tosta sonducted gy the Sational Inoecu 
of Steaderds (Referonce 7) chmzd close agroemont between fatigue 


toots conducted at 900 and 12,900 ereles per minute, Ot.oe irvesticators 


ra 
om) 
wwe oF 


- 
nave shew thet tate agreasent is good wp te and including 30,0 


cycles per ninmut. 








The tiveo=dimonsional fullesmic ctatic tosts of tho sene blade 
Shape conducted by the Ceooverntive Wind Fimnel, as disousced in 


Referonss 9, chowed a strese coneontration fastcr at tho acitice. seetion 





of about 1.90. Fhis velus is in good agreasent with the avorave 


facter of 1.975 as dotermined for in thic Investigation, and thescfore 





indicates the uscfuilwss of this type of fatigue tosting. Tio loads 
22 the atetis test vero anplicdé to the ton of the root Milango ainctly : 
as wes done in the futipme torts. The ciutle stress concentration 
festore arc defined as tho patio of iueacurod etresses on the surface 
of the eritieal scetion to the newinal V/A stresses uivich are acoumed 
46 exist wmifomly cvor tit orces sottion. 
As would bo oxpected, the two-diuonsionel tests indicated muck 
higher etross conceatration factors. References 10 gives the ratio of 
feacired mufoco streseco to nomimel stresses in the eritical section 
eg -olagz in the neighborheed of 318 for the two-dimensional model. 
Phetoelestic investigations oueh as are reported on in heferonee 5, of 
two dineroicnal asclelly leadet? models having the seme rutio of fillet 
radius/oritieal Clamoter as the provellor sodols, show a strose 


conoontration of LelBe 








Me 
I¥. CONCLOSIORS 


Ll. The eniwerce liett of anal, polishes, wnotehe’ s cataons ‘ 
of 748-7 sluntirma alley ic in the noi¢hborhoad of 2,006 nei uten hint 
tested ac rotating onntiictor beans, 

a, The high-atreos rortio of tho Se awve for 764-2 -xder 
aciel puch loeding, as published hy the tlemimm Seren of 
Amorioy, 29 ossenticlly vori fica, 

3. The strees comeontrmtilon faster anisting at the evttical 
section of « one-tenth soale molve?. of a win? tunnel wo “oller tlede 


marmfactura! fren TOS—f is in tho noiphborhoad of 1.975, 





4. Streas eoneontration factors establishes fron Posies 
tecting sare essentially lover than those dctemzino! Pra. ot tics toote 
Of Suodniencioral models, 


afl 


5. Sixress @goneentrtion factera acteminend freer cerctilhy 





@onducte’ Petigy tosts ere of groat value in deciendng the sinveg of 
Sertein eritiool sestic s, in that faticne tecting males aso of 
elternating loadsa mm as the aoe Poll-seclo vort will otzuorianse 
when in services, 

6, Strese soneortration factors eutehlishar froa fotirus 
testing of one-tenth senile vrosellor mcdols wore o3ssontially the same 
es those dotomunod in static teate of full-ceale biedes. 

7, Thoro 4o cn indlention thet gireas convortration factors of 


g2anll sreeinens are not denondent om coonotry alone, but tend to 





decrease a8 applied leada over the cross seosione arc lowored, This 


is suggested by the relationship botwoor the slopes of @ex-vos ‘ho, 1 


rs 


»' 











S. In teste utilising erclte toneion loods only, with a <iand 
eetrers 1irht, te atige life of ea uwlll, voliniied, orosclter 
% .odel of 743-T dcorcason ac tho ruttc of man/ min tn tho 
INSP OES » 

7e Stress conus stration fuctare cetcmined fron futicso toots 
of sell zotcls chowld %o used for the uetucl doterbuetion of design 
Ee 


Ole 23 tno Baliewecds part coaly wien tho aise offoets for the mterial 


EWVoetlpntlsy are inow,. 





Le Gaontwet cinder tests in wuieh the sise of tho omediser ia 
Mewmsineic .eroueter. 

ae GCorciuct giiller fatigue toasts of the model in tho f. [.. MOORE 
&yrpo of tevtirg ».neline. 

3. s.iweetigate the effects of surface rolling, wileretrassing, 
everatrosaing;, oe ahet-peening on tue fatigue invo of cludiar 
Speeicons. 

be ContLiue any of the abovo Jivestirputions to approximately 
190,000 ,cO0 eyelus, Suen Lweotigoizom will .08 Se -ractical usless 
@2 ariel Loudiag fatigue iweliine with « much greeter syeed than 2600 
Qyveioc per misc ig daevaeioped, 

Se Investigate tho design ef a Catipuo testing naehine in 
whic the teo ssedimen grips move witlin fumed slides, swneravy 
Oliningting bending ax! torgionsl interferon. 


6, If fursher tosis giniiser to the ono doserivau in tue 
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t- * 


ropoert up: nttbamtadi, a redecign of the holding {1° 1¢ j;eoguers;. 
Litnesg:? a preliminary strongth coeck of the Jig was inte, 14 was 
Superom: that sovimal of the sompoconts wert sromstrcned, The an 
Pane wis wt right’ encteh, 24 thers wat He 1&7 In whic mifamn 
Qasring ~wocmmres goulsl he Gtrtaie™, It would ho desirable te miko 
the oan ring Tesbantns Mite were oF the usr threuch the “ae 
atoehiy, Tots unald wre tt riceretar cane mre meet af the iclte chick 


by] * ory £ °, *.. v am ‘ e 7 ws . = 
4m toe wate shite unifser “nts srocevees. 122 sarte cf the jig 


“> 


pow dé te wele of Nistmetroaneth cteel with cAo cwhs leatetroriee -. 
7, Conduct o theoroties] investicatior of tio otress die- 
$Pibrtion in Hw aritical serio bo oc eelacmtion - etlhod, 
R 


. Mke co Pero mecsio “.yoelesatie shel of te model 


tn ywoteh xrtiewler attertinn Ls rol’ tw the oewtion of the bese 


Flene cffestod we tho dirmwing vrezswe on the tep of the Plane. 
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PRCSELLBR BLADE SP RCIMEIS 
FATIGUE TEST RESULTS 


tiie ICSR 
‘az, otress 


(Loads in lba.) 
Machine Load Yelland PTraeo Gveles 


=— Goeco Ne %0 
pe eiasonl Es Te Prdlure 
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— 5130 | 4960 | sae 30 ,000 

2 No rooord G4, ,06 

3 A750 A780 | 4850| 91.000 

3 ers £528! = 275,0 

é, 1020 L060 257 ,000 

S: ne aad 300 ,COO 

9 no record £06 ,COS 

6 3900 | 3050 | 3350 Ve 
did not fai 


TABI Taf 
(STRESSNS) 


Ali strosses in pai (tonsdon) 






Variation fron 
seachine Indisated 1% 


Machine KRotiowd Trace 
Spocinen | Indicstod Gago Ho, 
2, 





Toe 

i 

2 

3 26240 | POLED | 26500 
5 25430 | 24649 | 25080 
4, Deed | 22740 | 22430 
G no record 

9 no racer 

6 2550 | 22270 | 2a270 
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TABLE IT 


RESUERS OF FATIGUE TESTS WITH VARYIUG MITT STaSSES 


Test ifachine: Sonntag Univarsel Fatime Teating iaghinoe 
Specinens: 1/1oth seale propellor blade nodels 


Surfaco Finish: 5 niecroincios 
Speed of Loading: 160 evclos per minute 


Test Results 


Machine Load(2bs) tress 


Svecinen | Static | Dynania 
130 
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TAQLa IIL 


Re R, MOORE FATIGU!. TOST NEGULTS 


Material s 768% Adumiaun Alloy 
fnandino 3 kK. Re MOORS Patigue Testing Machine 


MaGiine Speed: 10,000 RE: 
Scesinon Designs Standard R. R. 19008 (Reference 3) 
Surface Tinish: 5 microinaies 








Total Cycles t 
Hyt Soxoee8 railure 
LDS. (oohp"s*  9gu 











500 COG 
G10 ,000 

lpg di 00 
200,000 
35 ,000 000 
82 000,000 


aie 03 “I Gi S W & bo 





ed | 


TASLE TV 


STHESS CONCGEVTPATION “ACTORS "OR PNUPELLER SLATS oDnLs 






i 3,008 935 
2 44000 16 
3 9h 2 x) Let 7 
5 175 ,G00 iy or 
ty 257 pO 1.943 
6 300,000 4.955 
9 400 2 ny Les 
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Failure of Wind Tunnel Propeller Blade. 
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Figure 8. Test Set-up. 





~ igure 9. Specimen Mounted in Multiplying Fixture 
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Fig. 10 


0 $ ° Wiring Diagram of Ofrain 
: Cte? Pp 539 P54 F P 5,9 0 56 2 Gage Gelance fanel 


M = Golvanomeler 

97 -% = Channel Kovring 

57 = fvsh 8 -/tcro TpelNorm. Open) 
53 = 2 Pole -6 fos Chenne! Selector 





59= Galv. SwiTch 
. O,=L£xhk Folentiometer 
a... / 
a O,= OvTlpuT fo Hreiland 
= ae 2, = 80,000 ohm Heliport 
3 R> =/0,000 ohm Yome on all Channels 
/ R3-Rq* Chosen 7o give Cri71Eal damping 
ate tor Herland Element aoséd 
of d O R52 Calibration Ressler 
o | = Rs =Compensating Sirain Gage 
4 | Ss Ks, * Achve STAIN) G2uge 
og : lo (™ R= 5000 0hms / Walt : 
: - J, - J, = Jfevens Arnold (AViséec Ke /S} Bee (Norm. Open) 





3/7 





tigure ll. Specimers After Failure. (Top View). 





Ligure 12. Specimens After Failure. (Side View). 
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Figure 13 -- Typical Heiland Record 
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Symbols: 


APPENDIX L - STRAIN FORMULA 


(eG CALL / 
KFrecisioh Resistors 


ee, - Original gage Fes/s7a7ces (jo /oad] 
eR, = Gage resistances efter soading 
(2 I,;= Original gage currenls (ho Lad) 
(Q)I,+ Gage currents after foading 

(5)E,=Vo/tages across gages (no oad) 
()E, Voltages across gages after Joading (/ 


(HWE+ Slrain (inches perinch) 
(@)1ME= Véllage Change across ecive gage after 


fjoading as measured by polentiomeser 


(7242) 
Ee hiss) 


Deriyarion: 


jh =£ 5 


Ae 

GF = oe : AR, 
AL on 
Zz 

Jie mo 


x, 
Ze & 
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Derivalion: 


AK, oe 
E 5 ae ee + OL 
Rk hes 


pomee (Kk, FALE, 7 SL) 





tR, mee = Akos 7 Kk, OE (Eliminating second order ferms) 
Beta? &,/-AK,2 > Ak, = (CFM, )(E) 
2 24E = (GFA) (EME>) 
£212 24E 

(GF) (£5) 
bot E+ Sattery Voljage 

a 

en a AC Vol ts) + (2 xjo 7) Milhvolts 


(Gage Factor) (Baltéry o/12.6e) (GF) CBV) 
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